The citrus fruit fly Bactrocera (Tetradacus) minax is a major and devastating agricultural pest in Asian subtropical countries. Previous studies have shown that B. minax interacts with hosts via an efficient chemosensory system. However, knowledge regarding the molecular components of the B. minax chemosensory system has not yet been well established. Herein, based on our newly generated whole-genome dataset for B. minax and by comparison with the characterized genomes of 6 other fruit fly species, we identified, for the first time, a total of 25 putative odorant-binding receptors (OBPs), 4 single-copy chemosensory proteins (CSPs) and 53 candidate odorant receptors (ORs). To further survey the expression of these candidate genes, the transcriptomes from three developmental stages (larvae, pupae and adults) of B. minax and Bactrocera dorsalis were analyzed. We found that 1) at the adult developmental stage, there were 14 highly expressed OBPs (FPKM>100) in B. dorsalis and 7 highly expressed OBPs in B. minax; 2) the expression of CSP3 and CSP4 in adult B. dorsalis was higher than that in B. minax; and 3) most of the OR genes exhibited low expression at the three developmental stages in both species. This study on the identification of the chemosensory system of B. minax not only enriches the existing research on insect olfactory receptors but also provides new targets for preventative control and ecological regulation of B. minax in the future. 
Introduction

49
Bactrocera (Tetradacus) minax is a destructive pest that damages mainly citrus fruit trees 50 and affects citrus production (Xia et al., 2018) . Severe outbreak can regularly occur once a 51 year in all citrus-producing areas, which often leads to severe economic loss in the citrus 52 industry (Xia et al., 2018) . Therefore, the development of prevention control methods 53 specifically targeting B. minax is urgently needed.
54
Insects recognize their hosts mainly via perception of chemical signals (Leal, 2013) .
55
Extensive studies have shown that many proteins, such as odorant-binding proteins (OBPs), 56 chemosensory proteins (CSPs) and odorant receptors (ORs), are involved in the 57 chemosensitivity of insects (Krieger et al., 1996; Lartigue et al., 2002; Benton et al., 2006; 58 Vieira and Rozas, 2011; Leal, 2013; Venthur et al., 2018) . Currently, the proposed model 59 for insect chemosensitivity and recognition is as follows (Field et al., 2010; Vieira and Rozas, 60 2011; Leal, 2013; Venthur et al., 2018) : some lipophilic odorant molecules in the 61 environment reach the hydrophilic lymph of the insect through the micropores on the 62 olfactory sensilla surface and then form a complex with the OBPs or CSPs in the sensillary 63 lymph. Then, the complex passes through the sensillary lymph and binds to the ORs on the 64 dendritic membranes. When ORs are stimulated, the membrane permeability changes, 65 resulting in the formation of an action potential and triggering cascade reactions, with the complex eventually entering the insect's central nervous system; therefore, insects can sense 67 exogenous odorant molecules and react accordingly to fulfill physiological responses, such 68 as foraging, searching for shelter, avoiding enemies and finding spawning sites.
69
OBPs are water-soluble proteins with relatively small molecular weights and consist of 70 six conserved cysteine residues, with a signal peptide of 20 amino acids at the N terminus 71 (Pelosi and Maida, 1995) . Six alpha-helical dimers constitute the OBP secondary structure, 72 and six cysteines form three cross-linked disulfide bonds that reinforce the OBP structure 73 (Briand et al., 2010; Field et al., 2010) . The sizes of OBPs are generally approximately 15-74 17 kD, consisting of 120-150 amino acids (Zheng et al., 2013) . While the complete OBPs 75 from Bactrocera dorsalis encode the protein length ranging from 134 to 274 amino acids 76 (Wu et al., 2015) . OBPs located in the surface of insect antennae and their main function is 77 to bind odorants such as volatile substances (Venthur et al., 2018) . The interaction between
78
OBPs and fat-soluble odorant molecules is the first biochemical reaction in the identification 79 of odorant compounds by insects, which is of great significance for insect perception and 80 communication with the external environment (Leal, 2013) .
81
Similar to OBPs, CSPs are also small, highly water-soluble, and acidic proteins with 82 hydrophobic binding sites (Leal et al., 1999) . CSPs are only approximately 120 amino acids 83 in length (12-14 kD) and the secondary structure is also composed of six alpha-helices, but 84 with only four conserved cysteines, forming two disulfide bonds (Lartigue et al., 2002; 85 Tegoni et al., 2004) . CSPs have been found to play an important role in the chemosensory 86 process as a sort of odor binding proteins by delivering hydrophobic sensory molecules to 87 trigger neuronal responses in locusts, ants and Bemisia tabaci (Angeli et al., 1999; Ozaki et al., 2005; Liu et al., 2016 transformed to pupae in wet sand. The positive artificial diets for the adults were yeast 123 extract and sucrose mixed at a 1:1 ratio (Jin et al., 2011) . The larvae used herein were 124 collected 6 days after incubation at the 3rd instar stage. The pupae used herein were 125 collected 6 days after pupation. The adults used herein were collected 12 h after emergence 126 without any feeding.
127
All experiments were performed in compliance with general ethical guidelines to 128 minimize pain and discomfort to the insects.
129
Sample Preparation and Genome Sequencing
130
The body parts of only B. minax males were performed to obtain DNA for whole- identified in Tephritidae, namely, 8a, 19a, 19b, 19c, 19d, 28a, 44a, 46a, 47a, 47b, 50a, 50c, 210 50e, 56a, 56b, 56c, 56d, 56e, 56g, 56h, 57c, 58c, 58d, 59a, 69a, 73a, 83a, 83b, 83cd, 83ef, 211 83g,84a,99a,99b,99c,99d,and lush (Table 1) .
212
A phylogenetic tree was generated to show the relationships among the identified Figure 1 ).
218
Based on the conserved cysteine profiles present, OBPs can be classified into three types:
219 the first type is classic OBPs, with the six conserved cysteine residues characteristic of insect
OBPs. Approximately 20 classic OBPs were identified in Tephritidae, including 19a, 19b, 221 19c, 19d, 28a, 44a, 47a, 56b, 56c, 56d, 56e, 56g, 56h, 57c, 69a, 73a, 83a, 83b, 83g, 99a, 99b, 222 and lush. The second type is plus-c OBPs, with more than six conversed cysteines. Twelve 223 plus-c OBPs were identified in Tephritidae, and these OBPs were clustered in two classes 224 on the phylogenetic tree, with one cluster containing eight OBPs (46a, 47b, 50a, 50c, 50e, 225 56a, 58c, 58d) and the other cluster containing four OBPs (59a, 83cd, 83ef, 84a respectively, four (99c1, 99b, 50c, 56d) and five (99c1, 99b, 44a, 50c, 83g) in the pupae,
236
and seven (99c2, 99b, 99c1, 19d2, 83g, 28a, 19d1) and fourteen (99c1, 44a, 99b, 56d1, 56d3, 237 56d2, 50c, 83a, 83g, 19d1, 19d2, 83b, 56g, 28a) in the adults (Figure 2 homology of CSP1, CSP2, CSP3X1, CSP3X2, and CSP4 between Tephritidae and fruit fly were 64%, 73%, 50%, 28%, and 66%, respectively (Table 2) .
From the transcript data, CSP1 was expressed at the highest levels in the pupae of both B. 
327
In addition, we also identified 33 OBPs, 4 CSPs and 61 ORs in the genome of B.
328 cucurbitae (in the Supplement Figure File 1-3 the CSPs identified in this study may facilitate the functional analysis of these genes.
372
The number of conventional ORs varis dramatically among different insect species. specifically expressed in the male antennae (Liu et al., 2016) . The discrepancy between our 382 study and the previous report may be due to the low expression of some transcripts in the 383 whole insect and differences in examination approaches, which collectively led to decreased 384 sensitivity of detection of the expression of the conserved ORs typically observed in insects
385
( Wu et al., 2015) . This hypothesis was supported by a previous study, which showed that
386
ORs were expressed exclusively in insect antennae at low levels, such as in B. dorsalis (Wu 387 et al., 2015) .
388
CONCLUSION
389
In conclusion, we first identified the chemosensing-related genes of the citrus fruit fly B. 8a, 19a, 19b, 19c, 19d, 28a, 44a, 46a, 47a, 47b, 50a, 50c, 50e, 56a, 56b, 56c, 56d, 56e, 56g, 56h, 613 57c, 58c, 58d, 59a, 69a, 73a, 83a, 83b, 83cd, 83ef, 83g, 84a, 99a, 99b, 99c, 99d, and namely, OR2a, OR7a, OR10a, OR13a, OR22c, OR24a, OR33abc, OR35a, OR43a, OR45a, OR46aA/B, 636
OR47b, OR49a, OR49b, OR59a, OR63a, OR67c, OR67d, OR69aA/B, OR71a, OR74a, OR82a, OR83a, 637
OR85bc, OR85d, OR85e, OR88a, OR94ab, ORCR, OR1, OR2, OR3, OR4, OR5, OR6, OR7, OR8, and 638 OR9. The number of OR genes present in Drosophila melanogaster has been previously reported 639 (Robertson et al., 2003) . 640
641
Supplemental file 1 The protein sequences and alignments of OBPs.
642
Supplemental file 2 The protein sequences and alignments of CSPs.
643
Supplemental file 3 The protein sequences and alignments of ORs.
644
Supplemental file 4 The sequence homology of CSP family. 
